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Abstract 
Many researchers have investigated the energy consumption and CO2 emission of battery electric vehicles (BEVs) in 
China. Their studies show that BEVs will not be able to deliver a meaningful decrease in CO2 emissions because coal 
is the overwhelming power source. This study take the Tsinghua-LCAM module, which is a life-cycle analysis tool 
based on the GREET plat form, to exam the energy consumption and CO2 emission at Well-to-Tank (WTT) stage, 
and adopt different type of drivetrain technologies of BEVs to analyze the fuel economy at Tank-to-Wheels (TTW) 
stage. Amongst the results, the life cycle fossil consumption and CO2 emission of BEVs are lower than that of 
internal combustion engine vehicles (ICEVs) with fuel consumption of 5 L/100km in China. With the improvement 
of upstream coal power generation efficiency and the rise of the contribution of cleaner electricity, BEVs show more 
rapid decreases in life cycle fossil consumption and CO2 emissions over time than that of ICEVs. 
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1. Introduction 
China is the largest auto producer and market in the world. Energy demand (ED) in China’s transport 
sector increased from 25.2 million tons of oil equivalent (Mtoe) in 1980 to 199.74 Mtoe in 2011 based on 
Wang et al. [1] and National Bureau of Statistics of China [2], at an average annual growth rate (AAGR) 
of 6.9%. According to International Energy Agency (IEA) [3], oil demand in China was estimated to 
reach 808 Mt in 2030. China’s oil supply depends increasingly on import from other countries. Foreign 
oil dependency of China will increase to 60 percent in 2015, 65 percent in 2030 and 68 percent in 2035 
from the 55 percent in 2011 [4]. 
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The operation phase of battery electric vehicles (BEVs) does not cause any tailpipe emissions, such as 
CO2, volatile organic chemicals (VOCs), particulate matter (PM10), NOx and SOx. BEV is often regarded 
as one of the complete solutions to the problem of pollution in urban areas, as well as to the problem of 
CO2 emissions, thanks to the use of clean energy vectors like electricity: in principle, the electricity used 
by BEVs could be generated by clean and CO2-free processes, using renewable sources or nuclear energy 
or fossil energy with CO2 capture and storage techniques. 
Many researchers compared the energy consumption and CO2 emission of BEVs with internal 
combustion engine vehicles (ICEVs) counterparts. Doucette and McCulloch [5] simulated CO2 emissions 
of the BEVs by combining with data on the CO2 intensity of the power generation mix in different 
countries, and compared with data for four ICEVs counterparts to reveal the emissions resulting from 
BEVs operation. The European market is the only one published the gCO2/km emission figures that 
authors needed for the study, so that the data was also used for other countries. Their results show that for 
China, India, and other countries with a similarly high CO2 intensity, unless power generation becomes 
dramatically less CO2 intensive, BEVs will not be able to deliver a meaningful decrease in CO2 emissions. 
Wu et al. [6] selected three well-developed regions (Jing-Jin-Ji, Yangtze-River-Delta and Pearl-River-
Delta) to explore regional growth patterns for the light-duty passenger vehicle fleet and develop various 
scenarios for the penetration of hybrid electric vehicle (HEV), PHEV and BEV during 2010–2030. In the 
study, authors used the GREET 1.8d model as a platform to calculate the life cycle energy consumption 
and CO2 emissions of HEV, PHEV, EV and conventional ICEV. In their opinion, the effort to mitigate 
CO2 emissions is much more difficult than lowering fossil energy use or oil consumption. Zhou et al. [7] 
adopted Tsinghua-LCAM, which is based on the GREET platform, to the life-cycle analysis of 
automotive energy pathways in China. Authors assumed that the average energy consumption of 
conventional gasoline ICEVs was 8.0L/100km (on road) in 2009, and average energy consumption of 
BEVs was 21 kWh/100km (on road) in 2009, and found that there was a marked difference in energy 
savings and CO2 emissions reductions for different regional grids in China. Their results differ from the 
two aforementioned studies that the BEVs could increase the energy savings and reduce CO2 emissions in 
China. 
The above studies represent three patterns to analyze the energy consumption and CO2 emission of 
BEVs in China. Doucette and McCulloch [5] and Wu et al. [6] didn’t reference all Chinese data. Zhou et 
al. [7] assumed the energy consumption of BEVs, didn’t build BEV models based on ICEVs. These 
studies cannot really reflect the actual situation of China. This study will analyse the energy consumption 
and CO2 emission of BEVs from drivetrains and real data of China. 
2. Methodology 
    Life cycle energy and environmental impact analysis for conventional transportation fuels and 
alternatives has become an active domain of research in recent years. The life cycle could be divided into 
two parts: vehicle life cycle and fuel life cycle, and is mainly considered energy consumption and CO2 
emission. The vehicle life cycle includes the vehicle material production, assembly, distribution and 
disposal. The fuel life cycle contains feedstock production, feedstock transportation, fuel production, fuel 
distribution and fuel consumption. The energy consumption and CO2 emission of vehicle life cycle 
account for less than 10% and 5% of total based on the study of Wang et al. [8]. So, we neglect the 
analysis of vehicle life cycle. The fuel life cycle is also called well-to-wheels (WTW) model, and it 
mainly includes two stages: the Well-to-Tank (WTT) and Tank-to-Wheels (TTW) stages. Feedstock 
production and transportation and fuel production and distribution together are known as the Well-to-
Tank stage, while fuel consumption as the Tank-to-Wheel stage. 
2894   Zhifeng Que et al. /  Energy Procedia  75 ( 2015 )  2892 – 2897 
2.1 Well-to-Tank 
 
Many researchers used the data from GREET to analyze the situation of China. Considering the 
energy structure difference between US and China, the Tsinghua-LCAM (Tsinghua University Life-cycle 
Analysis Model) [9] is referenced in this study. The Tsinghua-LCAM is based on the GREET model. 
Parts of the GREET model structure have been adjusted to be specific to China; e.g., the dominance of 
coal use in China is reflected. Most of the parameters have been modified using local Chinese data. 
According to Ou and Zhang [10], the efficiency of oil extraction and gasoline production were 91.28% 
and 90.79%, respectively, and could be relatively stable for a given period. The primary fossil energy 
consumption and CO2 emission of gasoline and electricity at well-to-Tank stage in China are shown in 
Table 1 based on the results of Ou et al. [9] and Zhou et al. [7]. 
 
Table 1. Life-cycle fossil energy intensity and Carbon intensity for gasoline and electricity production in 
2009. 
 
  Energy Intensity (MJ/MJ) Carbon Intensity (gCO2,e/MJ) 
Gasoline 1.33 98.86 
Electricity 2.78 269.12 
 
2.2 Tank-to-Wheel 
 
A long-range BEV requires more onboard energy storage to travel a given distance. Vehicle when 
moving on road has to overcome rolling resistance caused by the vehicle weight, the friction between 
wheels and road, air drag and the electric power required by a range of vehicle accessories that are 
necessary as well as those required for comfort [11]. The rolling resistance depends on vehicle weight, 
friction coefficient between tires and road surface, the tire design and materials and the quality of road 
surface. Because longer range BEVs are heavier, its fuel economy will be lower no matter what type of 
battery. The medium range (250 km) and high range (400 km) were chosen in this study. 
 
Table 2. Battery capacity, battery weight, total car weight, range on full battery, and TTW energy 
consumption of BEVs investigated. 
 
Vehicle Platform 
mass (kg) 
Drivetrain 
type 
Curb 
mass 
(kg) 
Range 
(km) 
Battery 
capacity 
(kWh) 
Battery 
mass 
(kg) 
Specific 
energy 
(Wh/kg) 
Energy 
consumption 
(MJ/km) 
BEVCM-0 1110 CM 1445  250 36.9  335  110 0.446  
BEVCM-1 1110 CM 1685  400 63.3  575  110 0.479  
BEVCM-2 1310 CM 1668  250 39.4  358  110 0.476  
BEVCM-3 1310 CM 1924  400 67.5  614  110 0.510  
BEVWM-0 1060 WM 1349  250 31.8  289  110 0.385  
BEVWM-1 1060 WM 1551  400 54.0  491  110 0.409  
BEVWM-2 1260 WM 1569  250 33.9  309  110 0.411  
BEVWM-3 1260 WM 1784  400 57.6  524  110 0.435  
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Due to Chinese auto market, small passenger vehicle and medium passenger vehicle were chosen in 
this study. The curb mass of small passenger vehicle is consistent with the platform of Van Vliet et al. 
[12]. The platform of medium passenger vehicle is 200 kg heavier than the small one. The Li-ion batteries 
we use have a specific energy of 110 Wh/kg, coherently with the study of Van Vliet et al. [12].We use a 
depth of discharge of 70%. Wheel motor (WM) drivetrains will be adopted to replace central motor (CM) 
drivetrains from 2015 onwards because higher efficiency of wheel motor drivetrains allows for smaller 
and cheaper engines and battery packs. The specification of BEVs are listed in Table 2. 
3. Calculation and discussion 
Reducing vehicle weight could increase the fuel economy effectively. It is estimated that a reduction of 
100 kg in weight of the average European car would reduce fuel consumption by 0.2 L/100-km. For the 
North American SUVs, a reduction of 2–3 kg (4–7 pounds) in vehicle weight is expected to improve 
vehicle fuel economy by 0.01 mpg [13, 14]. According to Van Vliet et al. [12], we take a fuel 
consumption penalty of 3% for every 100 kg of extra weight to calculate the increase in fuel consumption.  
The battery capacity should meet the energy consumption of the designed travel range, and can be 
calculated by battery weight and specific energy as follow: 
 
                                                                                                                                        (1) 
                                                                         (2) 
 
where  is the battery capacity of year  with travel range ,  is the battery specific energy,  is the 
battery weight of year  with travel range ,  is the distance of travel range ,  is the reference 
electricity consumption per kilometre of year ,  is the reference battery weight of year . The results 
are listed in Table 2. 
In order to reveal the energy savings of different type of BEVs, this study calculated the fuel 
consumption of ICEVs from 3 L/100km to 12 L/100km. The ICEV-3 on the horizontal axis in Fig.1 and 
Fig. 2 represents fuel consumption of ICEVs with 3 L/100km. The right labels of ICEV-3 on the 
horizontal axis represent the similar meaning.  
Fig. 1 and Fig. 2 show that the fossil consumption and CO2 emission of BEVs with WM drivetrain 
generally less than that of BEVs with CM. Even the heaviest BEVWM-3 consume less fossil than the 
lightest BEVCM-0. Although the WM technology is immature, it has a big potential of energy saving and 
emission reduction. The fossil consumptions of BEVs with CM are between that of ICEVs with fuel 
consumption of 3 L/100km and 4 L/100km, and that of BEVs with WM are lower than 3 L/100km. The 
CO2 emissions of BEVs with CM are higher than that of ICEVs with fuel consumption of 3 L/100km and 
lower than 5 L/100km. If the fuel consumption of small passenger ICEVs and medium passenger ICEVs 
are assumed to be 7 L/100km and 8 L/100km, the fossil consumptions are 2.93 MJ/km and 3.35 MJ/km 
accordingly. The small BEV with CM and high range (400 km) could save 54.6% fossil consumption and 
reduce 40.8% CO2 emission compared with small ICEV. The medium BEV with CM and high range 
could achieve 57.6% fossil saving and 44.8% emission reduction by replacing medium ICEV. 
Doucette and McCulloch [5] didn’t provide the fuel consumption for ICEVs. The life cycle CO2 
emission of Ford Mondeo and Honda CR-V are 139 and 173 gCO2,e/km based on European market. The 
ICEV with fuel consumption of 6 L/100km will emit 186.50 gCO2,e/km in China. By comparing these 
data, it can be concluded that the life cycle fossil energy intensity and carbon intensity of petrol in China 
are greater than that in European. This is the reason that our results differ from the results of Doucette and 
McCulloch [5]. Wu et al. [6] used the ICEV with fuel consumption of 8.5 L/100km in 2010, and the life 
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cycle fossil consumption is 2.91 MJ/km derived from GREET1.8d model. The life cycle fossil 
consumption in China is 3.55 MJ/km converted from fuel consumption of 8.5 L/100km through the 
Tsinghua-LCAM. The difference of life cycle fossil energy intensity between China and the USA is main 
cause of the different results. This study adopted the BEV model from Van Vliet et al. [12] to simulate the 
TTW stage energy consumption. The heaviest BEV only consume 14.2 kWh/100km far below the 21 
kWh/100km assumed by Zhou et al. [7]. So, the effects of energy saving and emission reduction of BEVs 
are better in this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Life cycle fossil consumption in China 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Life cycle CO2 emission in China 
 
Since the purchase price of BEVs is much higher than ICEVs, the BEVs will be popularized first in 
Chinese developed regions, such as Jing-Jin-Ji, Yangtze-River-Delta and Pearl-River-Delta. Based on 
China Electric Power Yearbook 2010 [15], the 98% of electricity in Jing-Jin-Ji comes from thermal 
power, the percentages of thermal power reach 90% of the total electric power supply in Yangtze-River-
Delta, and steam power and hydro contribute 67 and 27% in Pearl-River-Delta. If the fuel consumption of 
small passenger ICEVs and medium passenger ICEVs are assumed to be 7 L/100km and 8 L/100km, the 
application of BEVs, including WM and CM, could decrease 49-56%, 53-60% and 65-70% of life cycle 
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fossil consumption and reduce 34-43%, 40-48% and 55-61% of CO2 emission in Jing-Jin-Ji, Yangtze-
River-Delta and Pearl-River-Delta, respectively.  
4. Conclusion 
WM drivetrains will be adopted to replace CM drivetrains because higher efficiency of WM 
drivetrains. Due to the life cycle fossil energy intensity and carbon intensity of petrol in China are greater 
than that in European and the USA, BEVs can obtain good effect of energy conservation and emissions 
reduction in China. Even in Jing-Jin-Ji with 98% thermal power, the life cycle fossil consumption and 
CO2 emission of the BEVs which consume the most electricity per kilometer are lower than that of ICEVs 
with the fuel consumption of 6 L/100km. With the improvement of upstream coal power generation 
efficiency and the rise of the contribution of cleaner electricity, BEVs show more rapid decreases in life 
cycle fossil consumption and CO2 emissions over time than that of ICEVs. 
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